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INTRODUCTION
Memory is a property common to a diverse range of tissues, such as the brain and immune system (Herweg & Chang 2001 ; Rosen 2001) , but is it possible for the heart to remember? Indeed, this appears to be the case-cardiac memory has been demonstrated in the heart of the human, dog, rat and rabbit (Rosenbaum & Blanco 1982; Goldberger & Kadish 1999; Herweg & Chang 2001 ; Rosen 2001 Rosen , 2002 .
Cardiac memory is manifested as peculiar changes of the T wave, seen on the electrocardiogram (Rosenbaum & Blanco 1982; Goldberger & Kadish 1999; Rosen 2001 Rosen , 2002 . There are three waveforms on an electrocardiogram (ECG) . The P wave reflects atrial activation, the QRS complex ventricular activation, and the T wave ventricular repolarization (Rosen 2001 ) . The T wave actually reflects both transmural and apico-basal gradients for ventricular repolarization. Ultimately, T waves derive from a balance between the inward and outward ion currents that occur in individual ventricular myocytes (Rosen 2001 (Rosen , 2002 . The factors affecting T wave expression are regional differences in these ionic currents with the action potentials induced by them and the temporal sequence of ventricular activation (Rosen 2001), The consequence is voltage gradients in the ventricle, both transmurally and apiro-basally (Rosen 2001 Normally, a depolarization impulse is initiated in the atrium and reaches the ventricles by way of the specialized conduction system (Van Dam 1989) . However, during one of the above situations of altered ventricular activation , ventricular activation is initiated in one of the ventricles itself and the depolarization front moves in a lateral direction to the other ventricle. It is these periods of altered (abnormal) ventricular activation that the heart may remember.
When cardiac memory is noted, the direction (polarity) of the T wave is similar to the direction (polarity) of the QRS complexes noted during the period(s) of abnormal ventricular activation (Goldberger & Kadish 1999) . Rosenbaum & Blanco (1982) , in their original description of cardiac memory, noted a specific sequence in cardiac memory. Periods of abnormal ventricular activation (an altered sequence of ventricular depolarization) may induce a change in the T wave, which will be noted after retum to a normal sequence of ventricular activation. The T wave will retain the vector of the previous abnormal QRS complex-the polarity or direction of this T wave will be the same as that of the abnormal QRS complex(es). We wanted to know if the Dorper sheep heart is able to manifest cardiac memory.
MATERIALS AND METHODS
This study was performed with the approval of, and adherence to, the guidelines of the Pretoria Biomedical Research Centre' s Animal Use and Care Committee. Clinically normal Dorper wethers (n = 6) , all between the ages of 9 and 12 months, and weighing between 35 and 40 kg were used in the study. They were each fed on lucerne hay ad libitum, supplemented with 300 9 per day of pelleled concentrate (10 MJ ME/kg OM with 14% crude protein) and had free access to water at all times.
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The wethers were placed into two groups. The wethers in one of the groups (n = 4) were sedated with ketamine hydrochloride (Brevinaze) at a dose 01 100 mg intramuscularly once only while those in the second group (n = 2) were sedated with midazolam (Dormicum) at a dose of 30 mg intramuscularly once only. They were then placed in the right lateral decubitus position . Two different sedatives were used to exclude the possibility that the choice of sedative may have electrocardiographic effects, either potentiating or inhibiting the occurrence of cardiac memory. After an interval of 10 min there were no spontaneous movements and baseline electrocardiographs (ECGs) were obtained.
Method of electrocardiography
• Einthoven's triangle was moved from the frontal to Ihe sagittal plane, as described before by Schultz & Pretorius (1972) , by moving the standard and unipolar limb electrodes as follows:
(a) aVA moved from the right fore limb to the head between the ears; (b) aVL moved from the left fore limb to the sacrum;
(c) aVF moved from the left hind limb to the sternal angle; and (d) the earth electrode was placed on the right hind leg , just above the hock.
• The six precardial leads were placed as follows: • Meditrace 200, disposable ECG conductive, adhesive electrodes were used . The skin areas where ECG electrodes were placed were shaven and the electrodes were secured with Super Glue (Bostik) .
• A 12 lead electrocardiogram was pelformed with a Schiller AT -2 plus six channel electrocardiograph. The paper speed was set at 25 mmls.
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..,;r The third beat is a premature ventricular complex (broken arrow). Note that the polarity of the ORS complex of the PVC differs from that of the normal complexes-the QRS complex of the normal beats are positive whi le that of the PVC complexes are negative. The fourth beat is the first normal beat after the PVC. The T wave of this beat is negative-the polarity of this T wave follows the polarity of the ORS complex of the PVC-the heart w remembersft. This memory T wave is indicated by the double arrow.
In Fig. 2 an example of cardiac memory in lead V1 is illustrated, and in Fig . 3 an example of cardiac memory in lead III is shown. The conventions regarding labeling and arrows are the same as for Fig . T wave changes caused by memory are not secondary, because the preceding QRS complex is normal-memory is only seen during reversion to normal sinus rhythm (Rosenbaum & Blanco 1982; Rosen 2001 Rosen , 2002 . They are also not primary, as they were preceded by a period of altered ventricular activation, and are therefore classified as "pseudoprimary".
The mechanisms of cardiac memory involve alterations in ventricular ion channels and the synthesis of new proteins (Rosen 2001 (Rosen , 2002 Currently, it is not known whether the development of cardiac memory may have any possible adverse structural consequences in the heart (Rosen 2001 (Rosen , 2002 . On a subcellular level cardiac memory is associated with a reduction in density of the gap junctional protein connexin 43 (Cx43) and also with changes in the distribution of Cx43, changing from concentration at the longitudinal poles of myocytes to a more uniform distribution across the lateral margins of the cell ( The possible adverse structural effects of cardiac memory on the heart deserves further study. We propose that our ovine model of cardiac memory in the Dorper sheep heart is a valid model that may serve as the basis for further investigation of such possi ble cardiac structural alterations.
